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CHOLESTEROL REDUCING EDIBLE PRODUCTS BY MDCING PLANT STOROLS/STANOLS IN A 
MELT OF A FOOD EMULSIFI^ 



The present invention generally relates to a method of dissolving natural 
sterols or stanois in water based product systems, and the invention is more 
5 particularly concerned with a method of preparing an edible cholesterol 

reducing or inhibiting agent and a product, like a food product, a health food 
product or a pharmacological product containing such cholesterol reducing or 
inhibiting agant. 

The invention also relates to a product containing an additive of such a 
10 cholesterol reducing/inhibiting agent. 

Cardiovascular diseases are commonly spread among a large part of the 
western population. An important ground for such diseases is an increased 
serum cholesterol content in the blood, in particular LDL (Low -Density 
Upoprotein) cholesterol (see Pollak, OJ, " Reduction of Blood Cholesterol in 
15 Man. Circulation" , 7, 702-706 1*1953]). 

The serum cholesterol level of blood serum can be reduced mainly in 
two ways, either by reducing the cholesterol absorption in the intestinal 
system, or by reducing the cholesterol synthesis in the liver. The cholesterol in 
the intestinal system leads its origin both from the food, about 0.3 g per day, 
20 and from the cholesterol which is transported to the gastrointestinal tract via 
the bile. The latter amount Is about 3-5 times greater than the dietary supply. 
(See Wilson, MD & Rudel, LL " Reviews of Cholesterol Absorption with 
Emphasis on dietary and biliary Cholesterol" , Journal of Lipid Research, 35, 
943-955, [1994]). 

25 There are to-day medicines which can control both the absorption of 

cholesterol in the intestinal system and the synthesis of cholesterol in the 
liver. The principle for reducing the absorption builds on absorbirig cholesterol 

to a substance having ion exchange properties. The cholesterol synthesis can 
be reduced by suppressing a key enzyme in said process. By drug treatment a 
30 reduction of up to 25-30% of the cholesterol content in the blood can be 
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reached. Such therapies, however/can not be made Without adverse effects 
and at high drug costs. Therefore there is a great national interest to reduce 
the LDL (Low Density Lipoprotein) content in the blood emanating from the 
food intake. 

It has been known since long that plant sterols are capable of reducing 
the absorption of cholesterol in the intestinal system. The most important 
plant sterols are sitosterol, campestero! and sitostanol, respectively. Said 
compounds normally are included in the food. For instance cereals are rich 
sources for plant sterols. It is considered that the intake of plant sterols and 
plant stands in the normal food amounts to about 0.3-0.5 g per day. 

Chemically cholesterol, sitosterol, sitostanol and campesterol are closely 
related. What differs is only the substitution of the 24th carbon atom in the 
carbon skeleton. In cholesterol there is a lack of a substituent, whereas 
campesterol has a methyl group bound therein and sitosterol has an ethyl 
group. Stands have a double bond less in the carbon skeleton than the 
corresponding sterol. The physical-chemical properties are almost identical 
except for the possibility of transportation through the intestinal wall. The 
uptake of cholesterol from the intestinal tract is, on average, about 50%, with 
a great individual variation, campesterol about 10% and sitosterol about 5%. 
A little amount of the plant sterols are in the nature hydrated. The hydrated 
variants, that is the stanois, are completely incapable of moving through the 
intestinal wall and into the blood circulation system. 

It is known that the existence of plant sterols and plant stanols in active 
state can lead to a reduction of the absorption of cholesterol in the blood by 
between 50 and 70%, and this means that the normal absorption of 
cholesterol is reduced from 50% and down to 15-25%. Said reduced 
absorption, in turn, leads to a reduction of the LDL (Low-Density Lipoprotein} 
content in the blood by about 8-12%. 

It is believed that the plant sterds/stands substitute cholesterol in the 
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micelles, which is a necessary physical form for the cholesterol to be absorbed 
in the intestinal tract. The exact appearance of said micelle structures is not 
yet made clear, but in such particles mono/diglycerides, bile salts, triglycerides 
and water are present in a liposome like structure. It is also known that 
5 esterified plant sterols/stanols, like cholesterol, which are received via the 
food, are esterified in the intestinal tract by the lipoenzyme of the intestinal 
tract. The active form consequently is the free sterol/stanol in a micellary 
liposome structure. 

It is obviously interesting to enrich food-stuffs with plant sterols or plant 

10 stands. The problem is the availability of sterols and stands and the solubility 
thereof in the intestinal liquid, since it is known that it is difficult to solve the 
natural sterols or stands both in oil (about 1 %) and in water (less than 1 %), 
In a known case this problem has been solved by esterifying the plant 
sterols* By this method the sterols become fat soluble to about 20% and can 

1 5 be added to a fat mixture, for instance to margarine. Clinical investigations 
have proved that, for reducing the cholesterol content by 8-12%, there is a 
need of intake of 2 g calculated as plant sterol. Corresponding experiences 
have been observed as concerns plant stands. 

In a research report information was recently presented that 

20 corresponding plant sterol esters, but without an intermediate hydrogenation, 
have the same cholesterol reducing effect as the above mentioned 
hydrogenated variant. The said method also has been practised for enriching 
salad oil. When admixing of plant sterols or plant stanols in crystallinic form 
there is a poor availability. There is need for an over-dosing by a factor 5-10, 

25 or even 10-20 g, for obtaining the same effect for the above mentioned 
esterifying process. The disadvantages of said esterifying process is the 
chemical modification of the plant sterol/stanol molecule. Both hydrogenation 
and esterification are processes which are unnatural in food handling. This 
involves both use of metallic catalysts (Ni) and of solvents. For making sure 

30 that no harmful substances are added to the food-stuff it is necessary to 



wo 00/33669 PCT/SE99/02263 



perform an extensive purification. Without hydrogenation the process is 
somewhat more simple, but still the fact remains that the molecule is 
chemically modified in an unnatural way. The process costs also are 
important. The border against medicines is unclear for the above mentioned 
5 variants of adding active forms of plant sterols. 

In the publication Heinemann, T, G-A et al "Mechanisms of Action of 
Plant Sterols on inhibition of Cholesterol Absorption, Comparison of Sitosterol 
and Sitostanol", Eur, Journal of Clin. Pharmacol. 40 (Supplement), p 59-63 
[1991] there are described clinical tests, whereby sitosterol is dissolved in a 

1 0 monoolein but without dispersing the solution in a water containing medium 
for obtaining liposomes. 

Liposomes are very small particles of lipoidalic material, which are kept 
emulsified in the form of a double layer or an "invisible fat". Liposomes are 
very small bag like particles, often having a diameter of only 25-100 nm, 

15 which can serve as carriers for various substances like vitamins, bacteriae etc. 
and they are favourable in that the liposome shell is dissolved at a place of the 
intestinal tract, whereby said carried substance is sucked up through the 
intestinal wall. 

A basic problem according to the invention has been to provide a 
20 liposome structure, in which sitosterols or sitostanols can be introduced for 
supply to the human body, preferably in the small intestine, so that the 
sterols/stanols can contribute to a reduction of the cholesterol content in the 
body. The preparation of liposomes have been subject to problems, in 
particular since the previous preparation of liposomes have involved, among 
25 other things, use of unpoiary solvents, which processes are unsuitable for 
handling of food stuffs. 

It has shown possible to prepare liposomes in a water containing system 
of sitosterols/sitostanols including a suitable food emulsifier. In the present 
case there is used a hydrophilic emulsifier. A prerequisite therefore is, 
30 however, that the content of emulsifier is much higher than the content of 
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sitosterol/sitostanol, for instance that the content of emulsifier is nearly twice 
the content of sitosterol/sitostanol. 

According to the invention the above mentioned inconveniences and 
disadvantages involved in the previously known method are solved by a 
5 method according to which 

- sterols or stanols having cholesterol reducing properties are dissolved or 
mixed in a melt of food emulsifiers in a relationship according to which the 
food emulsifier is present to a higher degree than the degree of 
sitosterol/sitostanol, 

10 - said solution or mixture is mixed into a protein containing product at a 
temperature of 40-100''C, 

- the solution or mixture is homogenized, whereby an emulsion of liposomes 
containing plant sterols/stanols is obtained in the protein containing 
product, 

15 - and the sterol/stanol containing emulsion is thereafter admixed to food 

stuffs of different types, like in various types of milk products, edible fats, 
etc. 

By this method plant sterols/stanols are made soluble by being 
encapsulated in a liposome structure, analogously to what occurs naturally in 

20 the intestine. The method involves dissolving of a mixture of plant 
sterols/stanols in a food emulsifier, for instance an acid esterified 
monoglyceride. If the circumstances are the correct ones, that is that the 
relationship between sterol/stanol and the food emulsifier, respectively, the 
temperature and the homogenization relationships, there is formed a lamellary 

25 structure or a secondary layer of the monoglyceride containing plant 

sterols/stanols. At the specified circumstances said lamellary structures are 
transferred into liposomes having one or more secondary layers. The fact that 
this occurs has been confirmed by transmission electron microscopy study. 
The size of the liposomes is in this case in the interval of 0.1-2 iim which size 

30 depends on the aggregation degree. 
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The plant sterol/stanol molecules thus made soluble can be added to all 
kinds of edible products, like in milk, as an additive to products which can be 
curdled, like cheese, in cooking fats, in yoghurt, in acidified milk products, in 
powdered milk, in cream powder, in chocolate drink powder, in gruels, in 
5 health food products, in pharmacological preparations, etc. The availability of 
said preparation is as good as a solution in fats of the corresponding esterified 
plant sterol products. 

The method according to the invention leads to the great advantage that 
the use of the product is not restricted to fat products. On the contrary the 
10 entire market is open for enriching of food stuffs of all kinds, health food 
products, pharmacological preparations etc. 

It seems that the mechanism for the reduction of cholesterol is that the 
product reduces the absorption of cholesterol in the intestine; said reduction 
increases the cholesterol synthesis in the liver but not enough for 
1 5 compensating the reduced supply from the intestine. The net effect thus is 
that the cholesterol content in the blood is reduced. Further advantages and 
characteristics of the invention are defined by the subclaims. 

Now the invention is to be explained more in detail with reference to a 
number of examples of the method for preparing edible cholesterol reducing 
20 products. 

Example 1 

A cholesterol reducing emulsion for use in food products was prepared 
in that 10 g of a lipophilic emulsifier in the form of a conventional 

25 monoglyceride (Dimodan RT® from Danisco) was melted at a temperature of 
about 90°C, and in that 7 g of a conventional sitosterol preparation from soy 
(60% declared sitosterol) was dissolved in the melt. The melt was added, 
under vigorous stirring, to 1 litre skim milk having a temperature of 72^C and 
was pumped through a dairy homogenisator {Rannie laboratory model) at a 

30 pressure drop in the homogenisator of 250 bar, whereby an emulsion was 
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formed. 

The emulsion, thus formed, was studied in microscope, and it could be 
established that the emulsion hardly contain any liposome like particles at all. 
This proves that a lipophilic emulsifier does not give a sufficient amount of 
5 liposomes. 

Example 2 

For finding out the importance of the relationship between 
sitosterol/sitostanol and emulsifier for obtaining liposome particles, in 

10 particular an optimum part of liposomes, example 1 was repeated, whereby 
there was used a hydrophilic emulsifier (Citrem N12® from Danisco) with the 
relationship between sterol or stand in respect to the emulsifier; a) 2, b) 1 .5, 
c) 1, d) 0.75, e) 0.5 and f) 0,3. 

The tests showed that there were hardly formed any liposomes at all 

1 5 when the amount of sterol or stano! was higher than the amount of emulsifier 
(cases a) and b) above); that there was formed a very little amount of 
liposomes when the relationship between sterol or stanol to emulsifier was 
about 1:1 (case c above); that the content of liposomes increased to an 
optimum when the relationship between sterol or stanol to emulsifier was 1 :2, 

20 and that the content of liposomes thereafter decreased slightly at still 

decreasing relationship of sterol or stanol to emulsifier (cases d, e, f above), 
and that other problems appeared at higher content of emulsifier than at the 
relationship 1:2 (case e above). 

It could therefore be established that it was necessary to foresee an 

25 excess of emulsifier in relation to sterol or stanol in order to obtain a 

noticeable amount of liposomes, and that a preferred relationship between 
sitosterol/sitostanol and emulsifier was 1:2. 

Example 3 

30 The same method as in example 2 was repeated but for the difference 
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that the sitosterol containing preparation was made from tall oil having a 
declared sitosterol content of 90%. The ready product differed only marginally 
from products according to example 2, 

5 Example 4 

The emulsions according to examples 2 and 3 were acidified using a 
conventional soured milk culture (Streptococcus Lactis) over night at IS^'C. 
The soured milk thereby formed had a normal appearance and consistency. 
The taste was slightly more flat than that of ordinary soured milk. When mixed 
10 with strawberry puree the product could not, however, be differed from 
standard strawberry soured milk. 

Example 5 

The method according to example 1 was repeated but for the difference 
1 5 that the emulsifier (monoglyceride) used in this example was a glyceride 

(Dimodan M090, which is a lipophilic emulsifier) containing more monoolein, 
and that the temperature of the skim milk was 45°C. The milk emulsion which 
was formed had a rancid off-flavour, probably emanating from the 
monoglyceride which was used. The product also had a more unsuitably large 
20 particle size than in the product of example 1 . The average particle size was 
25 |xm. No liposomes could be traced at microscopical examination. 

Example 6 

The method according to example 1 was repeated but for the difference 
25 that a more hydrophilic emulsifier was used, Lactodan®, which is a 

monoglyceride which has been esterified by means of lactic acid. The 
relationship between emulsifier and sterol was 2:1 . As a result there was 
obtained a product having a neutral-to-good taste and an average particle size 
which was as low as about 1 .0 fxm. At microscopic examination large 
30 amounts of liposomes were found. 
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Example 7 

The same method as in example 6 was repeated but for the difference 
that the food emulsifier which was used was based on Lactem P22® and soy 
lecithin (MC This AF from Lucas Meyer). The milk emulsion thereby formed 
5 had a yellowish colour tone and a strong off-flavour of soy and fish. At 

microscopical synthesis a fewer amount of liposomes were observed than the 
corresponding value of example 6. The particle size was 1-20 jiim. Parallel 
tests showed that the emulsion could be improved by searching optimum 
combinations or parameters for pressure and temperature. The off-flavour of 
10 the product was considered disturbing, but it could be established that lecithin 
might be an excellent emulsifier, provided the taste problems could be solved. 

Example 8 

The same method as in example 2 was repeated but for the difference 
1 5 that the pressure and the temperature was varied during the homogenization. 
Three different homogenization temperatures were tested, namely 60, 80 and 
90^C, and two different homogenization pressures were tested, namely the 
pressures 60 bar and 500 bar. The results of the tests generally showed a less 
good product than in example 2. The best results were obtained with a 
20 homogenization temperature of 80°C and a homogenization pressure of 60 
bar. 

Example 9 

The same method was repeated as in example 2, but for the difference 
25 that a so called "microfluidizer" was used for the homogenization. In this case 
the pressure drop was of the magnitude 1 .000 bar. The average particle size 
of the product was measured to 2 |xm, but there was a wide spreading of 
particle size. At microscopical examination liposome particles were observed. 
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Example 10 

The same method was repeated as in example 3 but for the difference 
that 30 g monoglyceride esterified by lactic acid esterified and 1 5 g of a 
sitosterol preparation from soy was added to milk having a fat content of 1 %. 
5 The emulsion which was formed had a good distribution of liposome particle 
size and an average particle size of 5 (im. This more concentrated emulsion is 
intended to be used for enriching of food stuffs, or for use as pharmacological 
preparations. The product therefore was freeze dried and was sent for forming 
tablets thereof or for eventual later clinical tests. After the powder was 
1 0 dissolved in water liposome type particles could still be seen using 
microscope. 

Example 11 

1 kg of a conventional esterified monoglyceride (30% Citrem N 12® and 

15 70% Lactom P22^) was melted together with 0.5 kg sitosterol preparation 
from tall oil (90% declared sitosterol). The melt was added to 100 litre light 
milk {0.5% fat content), and the mixture was vigourously mixed by means of 
an Ultraturrax® mixer, whereupon the mixture was sterilized in an Alfa Laval 
UHT sterilizator at 144°C for 4 seconds, was cooled by vacuum cooling to 

20 ys^'C and was sterile homogenized at a pressure drop of 200 bar. The milk 
emulsion thereby formed was cooled to a final temperature of S^'C. The final 
milk emulsion had a typically cooked taste and a slight off-flavour of tallow. It 
was found that the milk emulsion contained a noticeable amount of liposome 
particles. The distribution of particle size was examined and was found to be 

25 better than the optimum product in example 3, showing an average particle 
size of 1 ,3 |Lim. The milk thus prepared was used as a base material for 
preparing various miik based products, namely chocolate milk, sour milk, 
yoghurt, soft unripen cheese of quarg type and hard cheese: 

a) The chocolate milk was prepared by adding 2% of cocoa powder and 

30 8% sugar, whereupon the mixture was heated to 80^C and was thereafter 
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cooled. The taste was quite excellent. 

b) The sour milk was prepared like in example 4. The soured milk 
thereby formed had a good consistency but had slightly poor aroma. After 
strawberry concentrate had been added the product was considered to be an 

5 excellent strawberry soured milk. 

c) Yoghurt was prepared using a normal yoghurt culture according to 
the same principle as under point b) above, except that the acidification was 
conducted at a temperature of 42°C for 7 hours. This resulted in an excellent 
product. 

1 0 d) Quarg was prepared in that 2 litres of the soured milk was poured 

over a filter and the whey was allowed to flow off over night in a refrigerated 
room. In the whey which was collected there was found about 3% of the 
theoretical amount of sitosterol. The remaining 97% of sitosterol therefore is 
considered to be present in the quarg. The taste was flat, but after the 

1 5 product had been spiced with herb spices and pepper there was obtained a 
product having a good taste. 

d) Hard cheese was prepared in that 30 litres of milk was curdled by 
adding rennet to the milk. The coagulum thereby formed which was 
abnormally soft, was cut to pieces, was salted and was pressed together in a 

20 press cloth. The yield of cheese was normal, and this shows that the liposome 
particles had been collected in the casein net structure. Liposome like 
particles which could be found in the cheese curd at microscopic examination. 

Example 1 2 

A melt of Citrem LR 10/J® and sitosterol according to example 11, in 
the relationship of 2:1 , was pressed through a membrane filter having a pore 
size of 5-8 |j,m into milk having a fat content of 5% (so called membrane 
emulsification). The temperature was 90°C. The resulting emulsion had a very 
narrow distribution of size with an average particle size of 8 fxm. After 
homogenisation of said emulsion the distribution of size became still more 



25 



30 
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narrow with a particle size of about 1 |im. This consequently is a good way of 
preparing an emulsion in the future having a very narrow distribution of 
particle size. 

Further tests were made in order to investigate the possibility: 

- to alternatively use sterols from soy, rape, tall-palm oil; 

- to alternatively use different types of emulsifiers like monoglycerides and 
derivates thereof with organic acids like lactic acid and citric acid, 
polyglycerides, lecithin of egg, soy, rape; 

- to alternatively make use of different types of homogenizing {conventional 
homogenization machine, membrane emulsification machine, colloid mill); 

~ to prepare sterol containing products like powdered milk, cream powder, 
gruels, health cost products, different types of cheese; 

- to vary the sterol content of the prepared product between 0.1 and 10% 
by weight. 

It was shown that all tested alternatives were useful, but that the taste 
of the prepared product, eventual off-flavour and the average particle size 
could vary slightly, however only within reasonable and acceptable limits. 
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CLAIMS 

1. A method of preparing cholesterol reducing edible products like food 
stuffs etc., characterized in that 
5 - plant sterols or plant stanols having cholesterol reducing properties 

are dissolved or mixed in a melt of a food emuisifier in a relationship in which 
the content of food emuisifier is higher than the content of sterol/stanol, 

- said solution or mixture is admixed to a protein containing product at 
a temperature of 45-1 00°C, 

10 - the solution or mixture is homogenized, whereby an emulsion of 

liposome particles containing the sterols and/or stands is formed in the protein 
containing product, 

- and in that the resulting sterol/stanol containing liposome solution is 
mixed into food stuffs and/or is used as a health cost preparation. 

15 2. A method according to claim 1, characterized in that the plant 

sterols or the plant stanols mainly are sitosterol, sitostanol and/or campesteroL 
3. A method according to claim 1 or 2, characterized in that the sterol 

product preferably is mixed into the protein containing product at a 

temperature of GO-SS^'C. 
20 4. A method according to claim 1, 2 or 3, characterized in that the 

sterol sources are natural sterols, preferably plant sterols for instance from 

soy, rape, tall-palm oil. 

5. A method according to any of claims 1-4, characterized in that the 
emuisifier which is used is a food emuisifier like monoglyceride and derivates 

25 thereof with organic acids, polyglycerole esters, lecithin of egg, soy, rape etc. 
in a relationship of emuisifier to sterol/stanol which is considerably over 1:1, 
preferably 2:1 . 

6. A method according to any of the preceding claims, characterized in 
that the protein containing product is a milk protein solution, a leguminous 

30 plant protein solution like soy protein, and solutions of other sources of 
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proteins. 

7. A method according to any of claims 1 - 6, characterized in that the 
protein containing product is milk having a fat content of up to 5%. 

8. A method according to any of the preceding claims, characterized in 
5 that the homogenization is performed by means of an equipment known per se 

like a homogenization machine, a membrane emulsification machine or a 
rotatable homogenization head of the type colloid mill. 

9. A method according to any of the preceding claims, characterized in 
that the homogenization is performed at a pressure drop of 60-1000 bar, or 

10 preferably a pressure drop of 100-250 bar, 

10. A method according to any of the preceding claims, characterized 
in that the sterol/stanol containing liposome solution is used separately as an 
additive to milk, as an additive to milk intended for curdling of various types of 
cheese, in cooking fats, in yoghurt, in acidified milk products, in powdered 

1 5 milk, in cream powder, in chocolate drink powder, in gruels, in health food 
products, in pharmacological preparation, etc. 

1 1 . A method according to any of the preceding claims, characterized 
in that a sterol containing liposome solution, in a content of 0.1-10% by 
weight, or preferably 1-3% by weight, is mixed into a food product. 

20 12. An edible product prepared according to any of the preceding 

claims, and containing the cholesterol reducing agent, characterized in that the 
edible product is a food product or a pharmacological preparation in which the 
cholesterol reducing agent is a liposome solution of a sterol or a stanol in 
combination with an emulsifier and dissolved, by homogenization, in milk to 

25 form liposomes containing the cholesterol reducing agent. 

13. An edible product according to claim 12, characterized in that the 
cholesterol reducing agent is an emulsion formed by one or more sterols 
and/or stands, preferably plant sterols and/or stanols from soy, rape and/of 
tall-paim oil which have been emulsified with a food emulsifier like 

30 monogiycerides and derivates thereof with organic acids, polyglycerole esters, 
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lecithin of egg, soy, rape etc. in a relationship between the food emulsifier and 
sterol/stanol which is greater than 1:1, preferably 2:1. 

14. An edible product according to claim 12 or 13, characterized in that 
the cholesterol reducing emulsion is mixed, in the form of a sterol/stanol 
containing liposome solution, as an additive to milk products which can be 
curdled like cheese, in cooking fats, in yoghurt, in acidified milk products, in 
powdered milk, in cream powder, in chocolate drink powder, in gruels, in 
health food products, in pharmacological preparations etc., in a content of 
0.1-10% by weight, or preferably 1-3% by weight of the product. 
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